Nineteen young horses that had recently started to perform the stereotypy of crib-biting were compared with 16 non-stereotypic horses for 14 weeks. After initial observations of their behaviour and an endoscopic examination of the condition of their stomachs, the horses were randomly allocated to a control or an antacid diet. At the start of the trial, the stomachs of the crib-biting foals were significantly more ulcerated and inflamed than the stomachs of the normal foals. In addition, the faecal pH of the crib-biting foals (6-05) was significantly lower than that of the normal foals (6-58). The antacid diet resulted in a significant improvement in the condition of the horses' stomachs. The crib-biting behaviour declined in most of the foals, regardless of their diet, but tended to decline to a greater extent in the foals on the antacid diet.
STEREOTYPIES are repetitive behaviours which become increasingly fixed in form and orientation (Mason 1991 (Nicol 1999 The first aim of this study was to test the hypothesis that foals which begin crib-biting suffer from damage to the gastric mucosa. The second aim of the study was to test the hypothesis that the provision of an antacid diet would improve the condition of the stomach and decrease crib-biting behaviour. There is a complex interplay between gastric acid secretion, the amount and pH of the saliva secreted, absorption, buffering and fermentation in the development of mucosal damage. The elucidation of all these links was beyond the scope of the study, but an antacid diet was used because it provided the most direct substitute for the proposed role of saliva in neutralising gastric acidity.
MATERIALS AND METHODS

Horses
Nineteen crib-biting and 16 normal foals were recruited into the study by advertisements in the equine press and by contact with members of the Thoroughbred Breeders' Association; they had all been weaned. Crib-biting foals were rejected if they had been crib-biting for more than 20 weeks, were more than one year of age, or if the owner had attempted to prevent the crib-biting by surgery or electric shock treatments. The remaining participants were visited to discuss the implications of being recruited into the study, particularly the need to maintain constant management practices, and the foals were observed to verify the crib-biting behaviour. The foals remained on their home premises throughout the study and their management was monitored regularly; they were retained only if there were no significant changes in diet, housing or management. Participants were randomly allocated to a dietary treatment, and instructed to replace any previous diet with the experimental diet supplied. The Home Office was notified and the sites were approved as 'Places Other than a Designated Establishment' in accordance with the terms of the licence (PPL 30/1540).
Attempts were made to select crib-biting and normal foals with similar backgrounds, but there were inevitably some management differences between the two groups. The general characteristics of the two populations are shown in Tables  1 and 2 . Data from the crib-biting and normal foals were treated as unpaired for the purposes of statistical analysis.
A further six crib-biting foals were recruited for a part of the experiment that was curtailed by the outbreak of footand-mouth disease in the UK. Data from these foals were not included in the statistical analysis of the experiment, but their results are reported briefly. (Pagan 1997) . The dose was split evenly between the two feeds each day. The foals generally anticipated the arrival of their concentrate meals and did not ingest hay at these feeding times.
Contact was lost with one normal foal after initial data had been obtained.
Behavioural observations
Behavioural observations of each foal were taken directly by an observer for three to four hours in the first two weeks of the trial, after four to eight weeks and after 12 to 14 weeks on each occasion in the same environment. The time of day when the observations were made varied among the foals, but was kept constant for each individual foal. The number of crib-bites per hour and the total time spent in bouts of cribbiting were recorded.
Endoscopy
The foals were endoscoped during the first week and during week 14. Feed and forage were removed for 12 hours overnight but the foals had free access to water. The examination was made with a PV-G275 endoscope (Veterinary Endoscopy Services) between 09.00 and 10.30 the next morning. Minimal insufflation was used. A continuous video record of the squamous mucosa was obtained for an average period of approximately 10 minutes, and no adverse short or long-term effects were observed. An independent observer who had been trained to score endoscopy records from a separate set of videos was then given the video tapes from the horses that received the control and antacid diets. (2000) ( Table 3 ). The authors also recorded whether the mucosa was generally inflamed and reddened.
As an additional verification, the initial endoscopy records were reviewed some months after the end of the trial by the veterinary surgeon who had conducted the endoscopy. During the review all the tapes were scored blind on a 10-point-scale, taking account of thinning, erosion, sloughing and ulceration of the mucosal epithelium.
Faecal samples
Faecal samples were taken from each foal at the beginning, middle and end ofthe trial. Samples were taken from the centre of the faecal mass within 30 seconds of its deposition. Three pH readings were taken from each sample. The pH meter was calibrated and rinsed in distilled water before each reading was taken from 5 g of faeces mixed thoroughly with 20 ml of distilled water. The within-sample variation was low and the middle reading was used for the statistical analysis.
Statistical analysis
The endoscopy classifications made by the independent observer and the veterinarian were in close agreement, and the data obtained by the independent observer were analysed. Differences in stomach condition between the crib-biting and normal foals at the beginning of the trial, and between the foals that had received the control or antacid diets at the end of the trial, were analysed by non-parametric Mann-Whitney tests.
Baseline differences between crib-biting and normal foals in faecal pH were analysed by using independent subjects t tests, and treatment effects by using repeated measures analysis of variance.
Changes in crib-biting behaviour of individual foals were assessed by plotting crib-biting frequency and duration against time. Most plots showed a linear relationship and the gradient of the line (the regression coefficient) was calculated for each foal, and used to rank the foals according to the degree of change in their behaviour. A non-parametric MannWhitney test was used to compare the degree of change in behaviour between the crib-biting foals that received the control or antacid diets. Associations between changes in cribbiting and changes in stomach condition were analysed by using non-parametric Spearman's rank tests.
All the test were two-tailed, and the critical level of significance was taken as P=0-05.
RESULTS
Baseline differences between crib-biting and normal foals Initial endoscopyValid endoscopy records were obtained for 15 crib-biting and nine normal foals at the start of the trial. The Veterinary Record, November 30, 2002 no sign of ulcers or inflammation. The ulcers were few in number and generally mild, with the exception of three of the crib-biting foals that had moderate, heavy or severe ulceration. The crib-biting foals with ulcers at the start of the trial had been performing stereotypical behaviour for a mean of 83 days, and the foals without ulcers at the start of the trial had been performing stereotypical behaviour for a mean of 114 days. Overall, the crib-biting foals had significantly higher combined ulceration and inflammation scores (mean score 1-3, maximum score 4) than the normal foals (mean score 04, maximum score 3) (P<0.05).
Fig 1 shows endoscopic views of the stomachs of one normal foal and three crib-biting foals.
Faecal pH Faecal pH was measured in 30 foals at the start of the study. The crib-biting foals had a significantly lower mean (se) faecal pH (6.07 [0-13]) than the normal foals (6-58
[0-07]) (P<0-01). Faecal pH was not significantly correlated with any of the endoscopy scores. There was also no apparent relationship between faecal pH and the number of crib-bites or duration of crib-biting at the start of the trial.
Treatment effects
Behaviour None of the normal foals started to crib-bite during the study. In the crib-biting foals the mean (se) frequency of crib-biting was 98-3 (23.4) bites per hour at the beginning, 111 1 (33.2) bites per hour at the middle and 82-7 (21.4) bites per hour at the end of the study, with a range from 4 5 to 452. The mean duration of crib-biting was 547 (118) seconds per hour at the beginning, 594 (165) seconds per hour at the middle and 431 (108) seconds per hour at the end of the study, with a range from 41 5 seconds per hour, to 1767 seconds per hour in a foal that spent approximately 50 per cent of its time crib-biting.
The measures of change in crib-biting frequency and duration resulted in slightly different rank orderings of the foals (Table 4) . There was a reduction in crib-biting in most of the foals, regardless of treatment. Thirteen of the 19 crib-biting foals decreased the frequency of their cribbiting, and 14 decreased the duration of their crib-biting. The crib-biting foals that received the antacid diet tended to reduce the duration of their crib-biting to a greater extent (P=0.09).
Endoscopy Endoscopy records were obtained at the end of the trial from 19 of the 24 foals examined at the beginning and from three foals for which initial records were not available, this resulted in data for 14 crib-biting and eight normal foals. The scores for ulcer severity and the combined scores for ulceration and inflammation of the crib-biting and normal foals were not significantly different.
The data from the crib-biting and normal foals were combined to examine the effects of the dietary treatments on their stomach condition. At the end of the trial, the foals that had received the antacid diet had lower scores for ulcer severity (P<0*02) than the foals that had received the control diet. There were no other significant effects of the antacid diet on the stomach condition of the foals.
Changes in ulceration during the course of the trial were examined by classifying the 19 foals with two complete endoscopy records as 'improved' if the ulceration score had decreased or'worsened' if the ulceration score had increased. Of the 12 foals that received the antacid diet, 11 improved or showed no change, and one worsened. Of the seven foals that received the control diet, three improved or showed no change, and four worsened. There was a significant difference between the diets in this respect (P=0-038).
The foals that showed the greatest reduction in their score for ulcer severity also tended to show the greatest reductions in crib-biting frequency (P=009) and duration (P=0 057).
Faecal pH There was a slight but non-significant rise in faecal pH during the trial in both the crib-biting and normal foals. A repeated measures analysis of variance showed that the foals' behaviour or dietary treatment had no significant effect on the faecal pH.
DISCUSSION
Natural foraging patterns interact with husbandry practices such as restricted or low bulk diets and the timing of feed deliveries, to produce a range of oral stereotypies in herbivorous and omnivorous species, but the factors which elicit any given form of stereotypy are uncertain (Mason and Mendl 1997) . In this study, a specific hypothesis relating an oral stereotypy to potential physiological changes induced by diet has been tested. Foals were used because the median age of onset of crib-biting is 20 weeks (Waters and others 2002) and because young animals are particularly sensitive to the conditions that induce stereotypies.
There tended to be more damage to the mucosal lining of the crib-biting foals. The association was not entirely consistent, but it is probable that the stomach condition gradually deteriorates from the condition in normal foals, through mild crib-biters to more severe crib-biters. There is a high prevalence of peptic lesions in horses and foals (Murray and others 1990) which has led to an increased understanding of the pathophysiology of peptic injury. Because there is no surface barrier to the hydrochloric acid that is secreted by the stomach, damage to the gastric mucosa is limited only by reducing the period of exposure (Murray 1999). In horses, the pH of the gastric content is frequently less than 2-0, and is at its lowest when they are deprived of feed. When they have free access to hay, the gastric pH can rise above 6-0, probably as a result of the neutralisation of gastric acid by salivary bicarbonate and the absorption of acidic content by the ingested hay. In foals, periods of suckling result in a rapid increase in gastric pH (Sanchez and others 1998) . Conversely, feeding grain and pelleted feeds results in increased serum gastrin (Smyth and others 1998) . For foals, free access to pasture and the ability to suckle are highly significant in avoiding erosion and ulceration of the stomach (Murray 1999), and they also help to prevent the development of crib-biting (Waters and others 2002) . Thus, separate studies have investigated managemental risk factors for gastric ulceration and for crib-biting, and some overlap in these risk factors has been identified. The results of the present study show that there were significant associations between gastric ulceration and crib-biting in individual horses.
At the start of the trial, faecal pH was lower in the crib-biting foals but there were few other indications of a relationship between hindgut pH and crib-biting behaviour. The antacid diet did not significantly affect faecal pH and there were no strong correlations between faecal pH and behaviour. These results contrast with the finding that the suppression of lactic acid production in the hindgut is associated with a reduction in non-stereotypic biting and chewing behaviour in horses (Johnson and others 1998) .
Both the crib-biting and normal foals that received the antacid diet had significantly reduced ulceration scores at the end of the trial. The antacid supplement may have raised the stomach pH, or provided a buffer zone over the stomach lining. Furthermore, the crib-biting foals that received the antacid diet tended to show a greater reduction in the duration of crib-biting than those that received the control diet. The effects of the antacid may have been masked by the general reduction in crib-biting behaviour observed in some of the foals fed the control diet. The control diet may have been generally beneficial in comparison with the varied grain rations fed by the owners before the study, but the stomach The Veterinary Record, November 30, 2002 condition of four of the foals fed the control diet deteriorated during the course of the trial. In general, the development of stomach lesions in these foals was slowed down by the control diet and halted by the antacid diet. In a pilot study the authors placed six foals on a weanling diet which provided energy predominantly from fat and fibre rather than from the more traditional sugar and starch sources. This diet was designed to increase the time spent chewing and two foals on this diet stopped crib-biting after three months, suggesting that increased time spent salivating while eating may also be beneficial.
The possibility that crib-biting is a cause of the acid stomach condition, rather than a response, cannot be entirely eliminated. Neither can the possibility that crib-biting and gastric ulceration are independent responses to dietary factors. However, it is difficult to suggest a mechanism by which cribbiting behaviour could give rise to an acid stomach condition, whereas the hypothesis tested is based on a mechanism by which crib-biting could be a response to an acid stomach condition. Evidence that crib-biting results in the release of some saliva from the parotid gland is needed before the hypothesis can be accepted. Crib-biting occurs at a lower frequency than most other chewing movements, but the muscular contraction that accompanies crib-biting may stimulate the release of saliva. The amount of saliva produced may not be great, because stereotypical behaviour tends to develop when a repeated behaviour is not filly successful in achieving its fimction. Nonetheless, these results suggest that there is an association between the stomach condition of foals and crib-biting. 
